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(54) Magnetoresistive epp mode transducer with multiple spin valve members 



(57) A magnetoresistive sensing device employs a 
plurality of spin valve giant magnetoresistive sensors 
(1 23) with sense current flowing through the sensors in 
a direction perpendicular to the plane of the sensors. 



The spin valve sensors alternate in the structure with 
nonmagnetic spacer layers. 
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Description 

CROSS-REFERENCE TO RELATED PATENT APPLI- 
CATION 

U.S. Patent Application serial No. 08/337,878, filed 
November 14, 1994, assigned to the same assignee as 
the present application, discloses a transducer employ- 
ing a giant magnetoresistive (GMR) element with a 
magnetic bias and utilizing a sense current flow perpen- 
dicular (CPP mode) to the plane of the GMR element. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to magnetoresistive (MR) 
transducers and in particular to MR transducers 
employing a plurality of spin-valve members. 

Description of the Prior Art 

The prior art discloses a type of magnetic trans- 
ducer, referred to as an MR sensor or head, which is 
capable of reading data from a magnetic surface at 
great linear densities. An MR sensor detects magnetic 
field signals through the resistance changes of a mag- 
netic read element as a function of the amount and 
direction of magnetic flux signals being sensed by the 
element. 

Write operations are carried out inductively using a 
pair of spaced magnetic pole members. These mag- 
netic write pole members form a magnetic path and 
define a nonmagnetic transducing gap in a pole tip 
region, with the pole members in contact with each 
other at a back closure region. The transducing gap is 
positioned to fly close to the surface of an adjacent 
recording medium, such as a magnetic disk, for exam- 
ple. 

Some of these prior art MR sensors operate on the 
basis of the anisotropic magnetoresistive (AMR) effect, 
in which a component of the sensor resistance varies as 
the square of the cosine of the angle between the mag- 
netization direction and the direction of current flow. 
These MR sensors function as a result of the AMR 
effect, even though this effect Produces a relatively 
small percentage change in the resistance of the mag- 
netic element. 

Another type of MR sensor has been identified in 
which the resistance between two uncoupled ferromag- 
netic layers varies as the cosine of the angle between 
the directions of magnetization of the two layers and is 
independent of the direction of current flow. This mech- 
anism produces a magnetoresistance that, for selected 
combinations of materials, is greater in magnitude than 
the AMR effect, and is referred to as "spin valve" (SV) 
magnetoresistance. 

A publication entitled Design. Fabrication and Test, 
ina of Spin-Valve Read H eads for High Density Record- 



ina, Tsang et aJ, IEEE Transactions On Magnetics, 
November 1994, pages 3801-3806. describes an SV 
structure in which a first ferromagnetic layer is fixed or 
"pinned" in its magnetic orientation direction and a sec- 

5 ond ferromagnetic layer separated from the first layer 
has its magnetic moment free to rotate in response to 
signal fields to be sensed. 

U.S. Patent 5,159,513, Dieny et al, discloses an SV 
sensor comprising a layered structure formed on a sub- 

10 strate and includes first and second thin film layers of 
magnetic material separated by a thin film layer of non- 
magnetic metallic material. The magnetization direction 
of the first ferromagnetic layer at zero applied field is set 
substantially perpendicular to the magnetization direc- 

15 tion of the second ferromagnetic layer which is fixed or 
pinned in position. A current flow is produced through 
the sensor and the variations in voltage across the MR 
sensor, due to the changes in resistance produced by 
rotation of the magnetization direction in the first layer of 

20 ferromagnetic material as a function of the magnetic 
field being sensed, are detected. 

In many MR heads, the MR element is electrically 
isolated from a pair of magnetic shields, and a separate 
set of conductors are provided on one surface of the MR 

25 element to pass a reference current through the MR ele- 
ment in a so-called current-in-the-plane (CIP) mode. 
The CIP mode can create problems such as shorting 
due to electromigration, and, additionally, a CIP mode 
MR element can be relatively large in size and expen- 

30 sive to mass produce because of its complex construc- 
tion. 

As an alternate to CIP mode MR heads, a type of 
MR sensor is utilized in which the sense current flows 
through the MR element in a direction perpendicular-to- 

35 the-plane (CPP) of the MR element. These CPP mode 
heads have a number of advantages over CIP mode 
heads, including the fact that the read signal produced 
by CPP heads is essentially independent of the signal 
track width. An example of such a CPP mode MR sen- 

40 sor in a giant magnetoresistive (GMR) sensor is 
described in the publication A New Design For An Ultra- 
High Density Magnetic Recording Head Usino A GMR 
Sensor In The CPP Mode. Rottmayer et al, IEEE Trans- 
actions On Magnetics, Volume 31 . No. 6, 2597, Novem- 

45 ber 1995. 

SUMMARY OF THE INVENTION 

In accordance with this invention, an MR sensor is 
so provided which employs a plurality of SV elements. The 
SV elements are positioned in the structure between a 
pair of spaced conductors carrying sense current which 
flows between the conductors to produce operation of 
the SV elements in the CPP mode. The transducer 
55 structure of this invention provides a sensor which is 
self-aligning with a data track on the recording medium. 
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DESCRIPTION OF THE DRAWINGS 

Figure 1 is side view, partly in cross-section, of a 

transducer in accordance with the invention; 

Figure 2 is a view along plane 2-2 of Fig. 1 showing 5 

details of the read portion of the transducer; 

Figure 3A is a cross-section showing details of the 

read portion of the transducer including the spin 

valves and adjacent conductor members; 

Figure 3B is a cross-section showing the structure w 

of a typical spin valve; and 

Figure 4 is a diagram illustrating the rotation of 

magnetization direction in a spin valve sensor. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 15 

Figs. 1 and 2 show a head structure 100 and a 
magnetic medium 50 which moves relative to head 
structure 100 along the Z direction (+Z or -Z). Head 
structure 100 is spaced from magnetic medium 50 in 20 
the X direction by an aerodynamically-defined flying 
height H. As head structure 100 is passed by transition 
regions 51 in medium 50, a magnetoresistive portion 
123 of head structure 100 detects the flux or fringe 
fields and responds by changing its resistance. A slider- 25 
shaped substrate 1 10 made of a magnetically noncon- 
ductive material such as ceramic forms a bulk portion of 
head structure 100 and provides aerodynamic lift 

Substrate 110 has a substantially planar top sur- 
face 1 1 1 extending in the X direction and a medium-fac- so 
ing sidewall 1 15 cut substantially at right angles to top 
surface 111 so as to extend in the Z direction. A first 
pole/shield layer 121, made of a material that is both 
magnetically and electrically conductive (an EC/MC 
paterial), is formed conformably on substrate top sur- ss 
face 1 1 1 extending to forward edge 1 1 3. The material of 
first pole/shield layer 121 can be a nickel-iron composi- 
tion, such as Permalloy, or a ferromagnetic material with 
high permeability. The Z direction thickness of first 
pole/shield layer 121 is preferably in the range of 1 to 4 40 
microns. 

A first conductor or contact element 1 22 made of an 
electrically conductive but magnetically nonconductive 
material (an EC/MN material) is formed over a forward 
portion of pole/shield layer 1 2 1 , near the substrate's for- 45 
ward edge 113. First contact element 122 can be com- 
posed of one or a combination of EC/MN materials 
selected for example from the group consisting of: cop- 
per, gold, silver, and alloys of these metals. The Z direc- 
tion thickness of first contact element 122 is preferably so 
in the range of 200 A to 2,000 A. 

An MR element 123 is formed over first contact ele- 
ment 122, as shown in more detail in Figs. 2, 3A and 3B. 
As known, the electric resistance of such an MR ele- 
ment 123 varies when exposed to a time-varying mag- ss 
netic flux. Unlike inductive transducers, an MR element 
is sensitive to the magnitude of a flux transition rather 
than to the rate of change of the flux transition. This 
gives MR elements certain advantages over inductive 



transducers, such as insensitivrty to medium speed 
changes. The overall Z direction thickness of element 

1 23 is preferably in the range of 50 A to 2,000 A. 

A second contact element 124 made of an EC/MN 
material that is the same or equivalent to that of first 
contact element 122 is formed over MR element 123. 
The Z direction thickness of second contact element 

1 24 is substantially the same as that of first contact ele- 
ment 122. A second pole/shield layer 125, made of an 
EC/MC material that is the same or equivalent to that of 
first pole/shield layer 121, is formed over second con- 
tact element 124. The Z direction thickness of second 
pole/shield layer 125 is substantially the same as or 
greater than that of first pole/shield layer 121 . 

First and second pole/shield layers 121 and 125 
extend in the +X directon beyond sandwiched elements 
122 through 124 to define a back gap 130. Back gap 
130 is filled with a material that is at least electrically 
nonconductive (EN/MX material) and more preferably 
with a material that is both magnetically and electrically 
nonconductive (EN/MN) such as AJ 2 0 3 , or hard-baked 
resist. The space at forward edge 113 between the top 
of first pole/shield layer 121 and the bottom of second 
pole/shield layer 125 defines a forward gap G (Fig. 2). 
The dimension of forward gap G is defined by the com- 
bined Z direction thicknesses of first contact element 
122, MR element 123 and second contact element 124. 
The X direction width of elements 122 through 124 is 
preferably 0.2 to 0.4ji. 

A planar write coil 140 having electrically conduc- 
tive winding members indicated at 141-144 is formed 
about the back gap 130 and electrically insulated from 
first and second pole/shield layers 121 and 125 by a 
EN/MN fill and planarizing structure. A write circuit 150 
connects to opposed ends of coil 140, and during a 
write mode sends electrical current l w passing in a f irst 
direction through winding members 141-142 positioned 
on a forward side of back gap 130 and sends electrical 
current passing in a second, opposite direction through 
winding members 143-144 positioned on a rear side of 
back gap 130, to thereby induce flux flow through the 
forward and back gaps. Changes in flux flow across the 
forward gap produce different magnetic orientations of 
the magnetized regions in magnetic medium 50 during 
a write operation. 

A read circuit 160 connects to opposed back ends 
of the first and second pole/shield layers 121 and 125, 
and during a read mode sends a sensing electric cur- 
rent l R passing in the Z direction through sandwiched 
elements 122, 123, 124. The read-sense current l R 
flows perpendicularly through MR element 123, thus 
avoiding the CIP electromigration problems discussed 
above. 

Figs. 3A and 3B illustrate details of the read-back 
sensor structure (Fig. 3A) and a typical spin valve struc- 
ture within the read-back structure (Fig. 3B). In Fig. 3A, 
conductors 124, 122 are shown located above and 
below the spin valve structures. This structure includes 
a plurality of spin valve members 1 8 n , 1 82, 1 83, 1 84 sep- 
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arated by spacers 19 1( 19 2 . 1 % of a suitable nonmag- 
netic material such as Cu, Ag, Au. or the like. The 
number of spin valve sensors employed depends on 
space limitations in the transducing gap and on fabrica- 
tion complexities. The number of such sensors shown in 
Fig. 3A is representative only and is not meant to limit 
the invention. 

The structure of a typical spin valve is shown in Fig. 
3B and includes a free layer 20 of a suitable magnetic 
material such as NiFe or NiFeCo. A spacer layer 21 
such as Cu. Ag, Au, or the like, positioned above free 
layer 20 and is followed by a pinned magnetic layer 22 
of a suitable magnetic material such as NiFe, NiFeCo, 
Co, or the like. Layer 22 is followed by an exchange bias 
layer 23 of FeMn, NiMn ( TbCo, or the like. 

Fig. 4 shows the operation of the spin valve struc- 
ture in which arrow 22* represents the direction of mag- 
netization of magnetically pinned layer 22, while arrow 
20' and its associated dotted lines indicate the move- 
ment of the direction of magnetization of free layer 20 in 
response to a varying magnetic field from the magnetic 
medium. 

Claims 

1 . A magnetoresistive sensing device comprising: 



said electrically conductive layers are positioned 
between said pole/shield layers (121, 125). 
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a magnetoresistive sensor (123) including a 
plurality of spin valve members, 
each of said spin valve members including a 30 
free magnetic layer and a pinned magnetic 
layer spaced from said free layer by a nonmag- 
netic layer; and 

electrically conductive means (122, 124) in 
contact with said magnetoresistive sensor 35 
(123) for supplying sense current thereto so 
that said sense current flows through said sen- 
sor in a direction perpendicular to the plane of 
said sensor. 

40 

2. A sensing device as in Claim 1 , in which said con- 
ductive means (122, 124) includes a pair of 
pole/shield layers (121, 125) disposed on opposite 
sides of said magnetoresistive sensor (123) and 
magnetically coupled thereto to form a transducing 45 

gap. 

3. A sensing device as in Claim 2, wherin the number 
of spin valve members is proportional to the size of 
said transducing gap. 50 



4. A sensing device as in Claim 2 or 3, including write 
coil means (140) magnetically coupled to said 
pole/shield layers (121. 125) for supplying a write 
flux to said sensing device. 55 

5. A sensing device as in anyone of Claims 2, 3 or 4 in 
which said spin valve members are positioned 
between a pair of electrically conductive layers and 
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(54) MAGNETO-RESISTANCE EFFECT TYPE COMBINED HEAD AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the line density and the 
track density by arranging the tip section region, which supplies a bias 
magnetic field to a central region, so that the region, that is made of 
a ferromagnetic tunnel joint magneto- resistance effect film, is 
sandwitched from both sides. 

SOLUTION: A first ferromagnetic layer 103, which is made of a Ta 
film and an Ni-Fe film, and the electrically conductive layer made of 
an Al film are continuously spatter vapor depositioned from the 
bottom shield side successively. Then, the Al conductive layer is 
oxidized to form a tunnel barrier layer 104. After the operation above, 
a second ferromagnetic layer 105, which is made of a Co-Fe film, and 
an anti-ferromagnetic film 106 made of an Ni-Mn film are spatter 
vapor depositioned to complete a TMR film. Having completed the 
TMR film, a formation is made for a non-magnetic insulation layer 
107, which is made of alumina, a permanent magnet layer 108 made of 
CoCrPt and a Ta non-magnetic layer 109 by a spattering vapor 
deposition. The permanent magnet layer is formed after the tip 
section, which is made by patterning the TMR film, is covered by the 
non-magnetic insulation layer. 
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#^#VXi;5r^Uri . 2~2. 0nm^©AlJt£ 

^•-rs,, c©a i)i^ffi^m^ci-j!smK«-rc<t 
ccj^r. a i ,o 3 #>e>ft-5 F>*^yra4^(S-r 

■5. S&tC. C©F>*.»W'?yTJl£/rl/-r3n©S£I® 
fSBii«tt*«fc5{C. Co*>e>ft£Sfr2©3£ilttJl£/5; 

lit, +^mmm<Dmm\± f >*jH6£*^*3Sjss 

1*5. C©*ffi"CB. ttStSRse<t*&L"C«*l 8% 

£i>5*#ftfii#f#6n-ci,>.&. 

[0 00 7] *©fl&©K«0!I&OT. W5-632 
5 4 . *$P8¥6 -244477. ^¥8 - 7 0 1 4 
8> #^¥8-7 0 1 4 9. ttffi¥-8-3 1 6548S 
V Tl997^. ttmMWM^m. 21#, 493~496HJ 

ft£*#&9. F>*;t^';7Ji©j&5;;£ffi£o-c. Al 
»*fiHR0fc«K:. ^*(ci®o-rA l .o^eJfiSti 

[0 00 8] TMR*T*SflWl^7 F-W8av*yft<!r 

tsStffi^ST'AS. U36»u. fie*©F>^;w^;rjfj 

««t«a&«i. S£*s^-c«^^#i±^aft ^ c i ft < 
+^ftm^a*5f# e. ha t » £ i > $ raw t> * o fc. s 6 
cc. sestsatsrctt^x-^rt^n » Fra©^#tt©« 

[0009] ±i$©iiggf ». ijcee^© f «; r 
B©^fiS*S«:*aHTS<t#^6ti?>„ K^^n-te^ 

r limits tltc^P&^XiC^ r>X F >*JW<U TJB 
[0010] - 2 0 9 2 9 2 CCt*. mmtCiKg 

&mucTMRm*(D3imjmtLx, m\<D®m& 
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[0 0 1 1 ] 3 6CC. - 2 0 9 2 9 2-Cte. Iff 

mzumL^'&mftm-rzxmt. mriBSfi i ©$»& 

AL. C©i£ftJMSlffi£g#S®{bl,-C h>*)WJTm 
[ 0 0 1 2 ] a 1 1 «fKS^P9 - 2 0 9 2 9 

no. mi ©ssaaftji 1 1 . mmm 1 2 *xa4»-csi 

ttftfltt/fcfftec Oil (a) ) . jet«5Cift< 
Sif^iAO. $111 2©affi ; &a^K'fbur F> 
♦WJTJil 3*»«r* (SI 1 (b) ) . &fc 

(@ii (b> > ». ««M©BMt&-c6j*i©%fiBt£ 20 

1 4 4(iSML/-CTMR^©S*«ig*^£3ti--5» (SI 

1 <c> > . ^ck. smmmi 5*i$mL-cTMRm 

^©S*«j»*^£3#S (HI 1 (d) ) . 
[0013] ±iB&«iE*8©#a-ctt. ^«W^**x©iJ 

rtJB©J5Rft*J*J1»C*5A:af>, iSn a nW© h </ T 

JB*«»ttJ: Ci**C*4. M^HE^ 30 

^«»*©l«SKcJ:-»-C8B*^» Ka£©f/t-fxi£ 

Fiw©w*ttK:*ftfc***»»6*i4. mmmtcF 

e, Co, N i £tcl£*:ti*>*-gts<&&*m^tcm&t l C 
l©!SS8ttJi«:S*0-cafftt*Wtt#>?Ittite4. -e© 
A 1 ©BBR— JR^fcO©*JiRaSx*Jl/4 r -«F e . 

Co. NiJ:DW*i.>fca), h>*;^<yrJBitts 
a i 1 o,ws&9m-cmtfitc&ig.-r&. mnmicMg^ 

ISatiiitfC. S&KJfcflejKSSfc f>*;u;n'i;tji 
[00141B1 2*#ML/-C. 1#K¥9 - 2 0 9 2 9 

2k:a^6n/cTMR^©^©saigxs i &iftHj-r 

9 1 ©SSfi&tiyi 1 1 effiRUftifftK: (012 so 



«fIB¥ 1 1 - 1 7 5 9 2 0 
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(a) ) . JtSitHCM**»ALT. C©«HtI 
2 l«|5J«-J-SIB*ftIit*i (H12 (b)).^© 
IiTiM 1 2 «tj£gtr«RR(CjR 1 ©&Hfflf 1 1 *» 
6$«J1 1 2 (clBRffitSDPjHC 9 (B12 (c) ). i 
SHI 2«tCt>|(MfcJ12 3#^fiS3tlS. C©^ffi-C 

t*. 9$asttJB(c8^r6i«^©j|io(ciimi 2©&{b® 

2 4#gtMd&3ft&fc«> (012 (d) ) . J:0i$tj4 
K«ftfc*iF-3&J3(ai3ti4. BMS«»Al/A:«. 312© 
KGSttflil 4*i«Bl/ (012 (e) ) , K&fiBfflf 1 
5*fi^UrTMR*^©g#t»ji*5SJt5S31t£ (01 
2 (f ) ) . iHm.l 2«(CSffiaM{bJB*JB«ar4ft: 
abtctt, »mi 2©IBR— ja-7-SA:*)©ifiSaSx* 

;i**--#ur i ©ttKt&i 1 1 -5>7c^«fc o 

liCiMg-Cfci. EJB&ttJlJCF e. Co. NiSfc 

«*ti6*dtfd**ffl«,»fcti^tt:tt. 3M8JI1 2tL 
TA1, Ms. 9>*>-f F«:j||-r5&«*ffl«r>*Ci 

[ 0 0 1 5 ] 0 1 0 ii. ^©TMRJg^-fcfflCifcfiBm 

^•y K©ABss©it^©— 0d*^-rt©-c. agxu 

£ f« tlx^X 1997.4.7 (No. 6 8 6 ) 6 tlT 

TMRKi-e©MSSB«:^R!53ti7cSffi*>6&-5 

[0016] 

[^?8*i)Bail/«fc^ i-TSHH] 01 0{c^3ti-ri>* 

tsjig©«g-e«. w*^-7-F©^wj«%»s-r4safii^ 

-JU FIHfctt. tettffil 1 7. TMRMStfiTSffi^ 
1 1 8#>fc&*TMRSfr?-l 1 9A5#ffiTSfcfe. TM 
R*-T-i±T©«Wtt'-A FtO+»aWI«lftft# 

6i'-^Fianit!fc<-r*t:t36J s fi»-r**. o*>usc 

* J F©W3«T«:«5'-^FIIBB*««>6n«ct»il»9 
*»W&IRIW**5. 3 6CC. & t9v9{t«MlsX 
«. ^©m&TMRIS©±-pCA*x>d/u 1® 
HB4D , ^Si'0>iTacttt7i- FuyxF£JBt,> 

MR*-?©^*ffl{ tCC J: S ^ -Y X©i&Mc*f T »<5je> rt> 

[0017] *&H©§ftl2. «±©86*©a«K*»» 
^.4ii>t, mg«&4ke^-*-Sfca£>©ailttft 

iiSF5^i'mg{b*jl^-r-2)/c»©S(5F7^i'{b<h 

zmmrz. jWfBaa«wsffl©TMR*-7-*ffl«,»fcE 

MiS^ffl^ » F i*©«JS7Ertt4 *tt»-T4 C i «C* 
*. 

[0018] 

[iMI*JIWrt-Sfc»©*S3 ^^©^iSfii^M 

m>m2 ©®m->-;u f 4 . wsUjo>msLu-)v F©ra 

A) <k^WrSS5fe^^ Fi. UWB»2©»»i/--«'F 



mm^y FfCfcOT. ijibmr*-?-^. jtiriaifr 1 so 
si 2 ©s£gr> - F&mmtbmmi 2 ©aaais^ 

-ju K©ffiHi(c«aiiiS^iqj«:iStiS«fiftK:±o-rfiBi» 
Jl i . R9U ROW 2 ©%ttttJi©NccER $ ft fc F > 

r m t * ssssstt f >* Ji/Stettsus&itt 

MlUt ic > <-f T * 651? * -T -5 ffi&ffiW t *> 6 3 ft 

[0019] *&W<Dffi%.ffinMmm.m&^~; F 

©Sifefrffitt. IS 1 ©fiL-SCCte^T, SOi&cSfl 1 

©emi'-^F^^-rSXgi. Slt»tth>*Jl*^ 
SSmffita^ (feTF. TMRiPf^) JR#>6 
«4«ETMRJK(CM^ TX8&l?£EPttnr S^gp^i 4 
W-r^TMR^^^SXfit^ BUlBTMR^* 
SO. *>o. i£*^i£±rW£F^y$'i|§«:SHrr*^ 20 
^-^>^%3nfcite»^^-rSXS<i:. HI 2© 

m&^v vomwom-e buibtmr^^^ 

?Z>JMi)K HUidTMRIR^tSJS-r^XSi. iTMR 
b UVZ h v^KioTftrtBTMRJ^^-^i/ 

■rsxei . Hirta^gpM^^BiriB^ 

(c«fc-3-c';7 h^^f sxet^tfci^r^iitt-r 

[0020] ^maymmmmmsm^ ■» f©ms 30 
»2©m*«c*iii-c. x ^ #±.icm 1 ©ism 

^-AF4MtSIli. !£SB14F>*;U&^»M« 
fc#J* (fcTF. TMRi^) M«>6Qc54>Af!l4l£tt 

TMRKcc^>f rxfiSw^EpjnTs^gu^t^wr-s 
jMx$>^>x> friBTMR^^)?£-rsxfi*^ tm 

Rlg^EE^-rSXfii. iSTMRjai:CC7* F VisX F 
v^^*0fi£-rsx^<!:. fe7 * F Ui 5 ^ F 7^ Pick 

[0021] 

immwfaom&'i mm*mmvx*mM&2 wen 

[0 02 2] gSSSffgfigffl 1 

H 1 «. #?&9J©S& 1 ©^W$SIW©fiSmSJ3i0l9jmMS 

f*. ^©^ffcifcfrsrf (xr^T'jvy 

•5. ^-;FB, X7-{ ^iKJl^ctcSJB 3 tltc 2 d© 50 
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*t[6j-r-5BBMV-;U F S 1 ( 1 0 1 ) RVS 2 (11 
1) i. C©~J!©2t|Srrse8§v>--;bFS ISO'S 2 

F**f*. MCC. -#©EgM~>-.rt> F S 2 

©sB«i pitiffli. c ayrnmm p 1 ©eastaafts 

*?■ i Ktf ffliJK: . tftltflrr ttS ft fc 3 -T )i> t 6 *i — #© 
EB&P2 (113) 5R#©««P ISC* 

p 2 mtciftw 6ftfcfia^+* + v y 1 12 tc^i-r sssi? 

[002 3] ±iB«^3H=-««T©<fc SKff^ft*. * 
-T> T->-;U F S 1 ffliJ#>6JI&*:(c. 3 0 nmll©T all 
0 2. 1 0 nml¥©N i - F e VkiPhf&Z>1& 1 ©3&K!ttJl 
10 3. RO'2nml¥©A 1 li^6«c&«SJ|«il«k0r 
^^••vflf-rS. -&©&. A li»SJISO«tt{bL/'C 
t->^AiJ7ll 0 4*Bf&?&. ^<D'ik. Co-F 
eK^e>^-5.SI2©§tS8ttJll 0 5. SO. 2 0 nml?© 
N i -MnJR*>6tt££aMttt£Mtl 0 6«X^y 

TMRJg^fiS3-e?c. TMRM©SJim{C. X^' 
f *3B»CC J: n T)l> 5 ^6«(&imtttttKII 10 7. 
CoCrPt frht£Z>fk>KmBm 10 8, RO*. Ta* 

huzimnmi 09*mm-z. co^cctsi. 

?ftfc^(c. *^«5»3W»JiRSti4. J;r>t, TMR 

*> L&mfmicffim-r sc < . TMR#tt*s.g$? tc 
^/cft-s. ?e>tc. ite»ii i o*^^-^^^.#o. ± 

5^-;VF 1 1 1 iL/T^J13 ym©N i -F el8?r7U 

vy"\ 1 2Bf&L, ^C»t?. 7 9 C 

un-T^Wl, 3 6CCfB^ffl©±6Sffi 1 1 3<!:L/-C 
4 Aim©N i -F eI5:7 U-Afeo&aCCTJf^-r 

[0024] TMR^T-li. Jia^-JW F S 1 fciO'S 
2*m@iL/. mgi.is--Jl> FS 1 fciO'S 2©MPfl(CS 

tssiidj [Sifcssft smssic j; x w$m i tm%k*:8&. $ 

i <Dmmnmtm2ommnmt<omic v 
* v rm *&Mzmik*ft~omffl£'Y mri*> e> % * * 

5ft-rt^s 0 

[0 02 5] ±fB«jg^fflb/cCi{C<fcf3. TMRt 
^•K^VTXSSW^Enftl-rSCiAiW^S©^. 

[0026] &.tic, xmtmmmv^ v vomfeyv 

0 3 -T i Cifii^-fe^S ^i'^iE./jrS^x^Sftitc. X 
^•■v *&&C<J:9IIU?1 /xm©CoTaZ rMMl. 
T'>-^FS1 (10 1) <tL-0<2>ffc;b/c. C©C 
o T a Z r m©Jf^B$tC«0 1 ZE^fiK— ^|S]14©IS 
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IKrEPftlLfc. COil CO»aa*tt*r6lCC5 OOOe 

©— ^awsEnflpuooa 5 0 °c-c 1 B$m<D&jMR« 

RiWl/c e TMRRiUtB, SrTV-Jl/FS 
lfflW^Wc, 3 0nm/?<DTaJg (1 0 2) , 1 0 nm/¥ 
ON i -F e&frhtj:Zmi<DWB!8Em (103), K 
t>\ 2rmm<DA 1 6tt ur^^^* 

'^^fNi-T^T^y FJE^l x 1 0" 7 Torr 

tTF, A r EE^J 1 0 mTorr, SfHift** 20 0WiU 

£2 0mTori~2 0 OTorKDffifflri O^fflffi^ir, 

a i mmmsm&mtux F>*;w*yr» ( 1 04) 

t/fcf& 2 OnmWOCo-F eJB^6&4»2<D5S»tt 
H(105KSt^ 2 OnmUCDN i - M n RjCp 6 ft 4 
^^K**^**»»U TMR«*S&8E3tffc. 

[0 027] ?<D'&, m2<D&MWM 1 0 5 iSSMStt 
if 1 0 6 i©nccjattS^»||i*#S^3*. JB2 0SH8 
ttH 1 0 5©»{t*Hl©ABSffltC»l/TS@:*raI«C 

@S-r&fc#>&c, ABSfficc*forsil^rfSi«:3 koe© 
— *ift»»*EnJni/oo2 7 o-cr5^m©«i»a*tf 

;l/Ft*5CoTaZ rl«^3 5 0 "CXm&mZ ft 
[0 028] fgtBE!»WI2 

^*F»M*. *©ABSffl*6Ifc»Mtt8-Cft 

& 0 TMRKJ, T«&H 10 2, 53£®t£Jf 108, 9 
^ i©5SBttii0 5, h>*;ws';rii0 4, 12^ 

&B£e« 103, mamma 1 1 4^6««3ti4. 

*2©H»H5»«tt, TMR«©fllift3ftS»l<DiaBp» 

fM^e»C, 3 Onm^OTaJ^l 0 2, 2 0nm/l<E>Pt 
-Mn«30»6Jtt*S«SB6ttBl 0 6, 20nmJ¥CDCol^ 
^6&S*l(D8tttt»l 0 5, SO\ 2nmW©AlR*» 

«ffi*BMtur h>*;ur? yr» 1 o 4©»riEccflefflu 

^*#»UT^**^>FEE#«ci«l,;k 
1 0nm!¥<DN i -F e -C oB*>6fc4»2 
ttll03, SO", 0nm©Ta^6«c*#»tta» 
111 1 4*attUrx^y^«3|fUTMRlH*S«53 
#/c 0 CO*©, lfl2CD&iK£fe/f 1 1 4<£>fi8{t£E2(D 
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£tkfl$tt0I 1 iH*r*!J , £O»&flB0i 1 <fcHtt©S»* 

[0029] mmmmm3 

*. TMRitt rtaji 102, mi <Dm&mM 1 o 

3, h>*WJ7tl 0 4, m2cD5£a^Hl 0 5, 

io acf, satt^imii 0 6*»6tt4«j5S*wr*. f 3 

0*5©»JI5fi8ff9ti, TMRJS£±V-;l/F 1 1 1 tom 
^»*SA B SBKBffibtt^c t Cc*JC»r» 1 
JBM<hAtt&. ctitt, IfiiHRl lOfty^h + m 
BR©TMRJH©h^^^«*ftS'J*Sv^^4 > ABS 
mtcftLX TMRIBSffi^UKfiiTSJ: 5CcRffT4 
/c^rl^o CCDTMRB4Bffi(DABS3^6<DIEIIItt 
0. 1 /zmrt>6 1 MrrfC&S. TMRJB©«fiSfe(?fttll 

i o , mmmmw 1 iiBjsicD^^ 

sears*. 

20 [0030] ±ssm i -is 3 cE>«»»«W(D*n*n© 

0eO®WCcj:ot:»BSL,/c 0 *KffiCc*j»*««fflBiK 

ifjjn^^rfci o 3 A/crf* , c«±<^b3&«K«>6a^o 

fc. 5X1 0 3 A/cm I r^ffi5^ffiCD^^^:tm<^:^<^:^< , 

r^* K<D«#uj*«EiLr« % mjtmmmiRV2 

30 1 0 3 A/cm 1 ©m^at?^ 1 rrt/-C#>9, 5X1 0 3 A 

/cm 2 r sr i &&m 2 saei5j»w-c 3 mv, m 3 ©*ss 

»JBW-rttjft2nVC*^te. m&aW2 0£gH0ftB0I 
ftCC, Ctl6*^*l»*»a^SF FJCfflC»fc»^CC, fir 
3 Gb/i n 2 JM±©f B»«ffifC , 3 0 Cb/i n 2 «± 

«WrB, A B Siic?FfOtTMRi<b±'>*-JV F 1 1 

ABSffiiJSMWffli*«ftfcOfcti^tt:*), SMCcj:^ 

40 [0031] mmmm* 

H4B, ±SEIB 1 (D-||ffi^MOfiSmf£Si^^^ 
FOTMRHOl»Ig*ST. ^J#*mj8& 
2>A 1,03-T i Cffi^-fe^^ sr ^*6tt4-5x^»ft: 
±CC, ^^^jStCcfcOBWUmOFeTaNi* 3 * 
fiSL, T^-JI/ FS 1 ilWit WtU, (H4 

(a) ) , imls^s oo-cximmnmtpx'iy^tco 

[0 03 2] Wcx^y$mcJ:K)tp&mm£%i2>TM 
50 R«*JBfiJEL^ (H4 (b) ) . TMRlilttt, * 
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r~P>-;U F S 1 m&*>mtc* 3 O nm^OTaJS 1 0 
2, 1 Onm^CDN i -F e «3^6ttS» 1 1 
0 3, &0\ 2raffOA 10t^6tt««WI«jlttOt: 

(,^c 0 x^£^m*^T^->^^> fee* i x i 

0- 7 Torr«T\ ArEA 1 OmTorr, WJSift*#2 0 0 

BWE#*2 0mTorr~2 0 0Torr<D$5Hri 0#fffl£g 
mox, A l**B*Bff*lWtUr h>^;W^J7ll 10 
0 4^ML/c o KJR*»«LT^**^>F]I#K: 
S9&Ofcfft. 2 OnmW(DCo-F eB*6tt*»2©» 
fi814B10 5, 2 0nm»©N i -Mn«3^6tt4jSSft«BE 

[0 03 3] TMR*ft^*><bL**««*JI5*L, 
^<Dmm<D&mi& i %^,iiI/7^I5I (PM) 
/#«ttB*tfaRL/'J7 F*?-r*IS (H4 

(c) ) , **««i4B»«W*6tt**^*^*^b 
*T£Xg (04 (d) ) , TMRB©F^v^iH*aS 
nWWt^F^tSIfi (H4 (e) ) , (0 20 

4(f)> zmmistc. 

[OO34]08lt TMRBOSWaccR^TMRBI 

©'**>ffcXg&5Vr. 04©:frffiTTMRJgl 1 0 1 
(0 8 (a) ) , F U^F^x^ 1 1 0 
2SJBJ5JEI, (08 (b) ) , 
^>^l/c (08 (c) ) . C©U^* F 

SI 104, CoCrPt *6tt&*X»5B 1 1 0 
5, 2W\ Ta*6fi:4*8ttll 10 6?:Ml (0 
8(d)), 'J7Ft7l/c(B8 (e) ) e C<D#& 30 
(Cj;Si, TMR«*^N"*>ftL/clS©iaffi36<#«ttlfi 

t, TMR«©h>*J^>;TB*^LTl5l#^5 2tJc 
<0«eBH±3*t«fllWK:)S»-rSCi«C<. TMR4#tt 
^SJfftCfiBfcti*. 3 Bute©?* F U^X Hvx 
^1 10 2CC*fl / rRI«fcL<«iH!*©7* hU^h 

vx^ii 0 7^?f5^L (08 (f > > , mmm 1 1 o 

8**/***flE]Bl/ (08(g)), »J7F*7US 
JSSLfc (08 (h) ) o *©f*. T^-^FO— «** 
SiLTBX^at-/c»«:Jfti»lKK:5>:*BBW (04 40 

(g) K S6«c±V-jU K£LTIR«3 um<£>N i - 
F eK7 U~Aifro#ffir^*>JgJ5RLfc (04 

(h) ) o 

[0035] ^<om. TtosTtcx&msL^+v-n&jSL 

* F U^* FCCj:«3±T*tfcatir3MU»OA:3&s. 
TffJ©K63»{titt*7* F Ut?* F^*>*tWB©T;l/ 
^tlMft^itcMl, c*i*2 6 o'cn«Fffl 
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J&b/c. C(Of»8B{fc©|SRtCfe2 6 0°C~C 1 «FlHJ»«ifflL 
fc. Efic, Bse-^* F©±aBK*«J5RT4JB»4 um© 
N i -F eM7l/-A^ **ffiTJfc!iJELfc. _tSSffi£ 
J&SflMc, ^2x-;i/F<OBBWt**W*rSlCc«||i*l k 
OeEPftlU 2 0 0 e CtlWfflL/c fl CtlfcJcOi 

!MfcJ:^cni«r*»^BOIB{fcftll»iL*ft:a) 
tC, A B S ffifCSitt^rSlCC 3 k OeCD—JjfaMft&WtiU L 

[0036] 01 ico^tmomM^mc^-oxihm 
i<D$mmim<Dm&mn^m9^* fotmrr 

TtftBl OiltTa, m©SSB8ttBl 1 tLXN i 
-Fe, illl 2iUA lR«fjSU (01 1 
(a) ) , Jt£4i{cTtt»**i*AU 2<Dg| 
ffi*S*SMffcUr F>^'J711 3 40^-T^ (0 

11 (b) ) . m2CD3S®ttBl 4iUCo 
- F e (0 11 ( c ) ) , J5*Mt4® 1 5 £ L 
XN i -MnMlt (01 1 (d) ) , TMRfT- 

arimsttBtR^fc* *M^tBo«fi*s?i«er** 

iSa a a e©F>^;^^yrfi4$ijaitt<i:<^^'5 

IB© WMttCCShte* W» 6 n 3 . 
[0 0 3 7 ] 01 2©«SRa«©«B6*ffi{CJ:orfe» 
l©ll^0S§WIcDSS^ffiK5&mS1g^^^ KSB©TM 
RH©JI5]S!EttPlllBr*S. 0 1 2<DT«&B lOiUT 

a, mi<DWsmmi 1 iitN i -FesjuaBW* (0 

12 (a) ) , «2g*«cH***A0-CC©*HCcWt 

B2 1 *Jfcj£T4X« (012 ( b ) ) ^jtJD^^o -X<D 

&m\m 1 1 &?>mmm 1 2 Kwattbwec 0 , 

Bl 2««Cfett{bB2 3#JBJ5SESft* (01 2 

(c) ) . VSB1 2&X&KSL 
**«A-T4i. $111 2©giffi©ia«8BMbBtc, X 
H^6©Btt^«rCWb3ftft:B*ftIityt F >* V 
7B2 4JW&atS*i* (012 (d) ). C(D^mx 

S^ttBK:ttr*Httr©||iBCc*«Bl 2©BMbB 
2 4 aWBSESft**:*. <t OJfcKSttCCflEtifcJRWH 
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SiTffiSflESl^y FW. BS^^FtU. Xf>F>*.»U 
SWB^e>h>*;Ufi8«JS»3aiM»»^7 Ft*, ttstl 

ffln*A»R&. friafiamffiCija*Js©)g^*i6]ccmjjK* 
HM-auacc. B5ia!imffiei5aimM?rS5tf-*f©sfflsi<fc 

MIBBaaJS!S3?!!)mJI©MlStc«, f!riaaA@©S8E*SiJ 
B(iIB6aEE*llffllK{*. HfrtB@^£SMb^^{4S(ciBg 

s tin* * c i £ -r sfismiasisi^go 

[»*H0] W*318{ciatS©eAIB^W^S(cfe^ 

ffl*e^«Sii?L*wu. i>riBm®^«. frtaMa?Lg|5 
<k-rafismta^s*«g„ 

[^©SfJi^lftBj] 
[0 00 1 ] 

[0 00 2] 

Cti6iBStJi(*{CfiB^t9«©S#ji**jJ:iyfi?*ffiO{c 

«. wBaanffffl**ifflLyt«»^9 Fj&jfflt^tis. 

S^^ f F«. ttAH»ff«eii«{f4c(c««i&tfft:a{>©« 

n*±TCC^36»^>««WK|fid3tift:»S3&>6flllsK3 

n/c^tjKP-sp^©^^ F*«fflc>6ti4. safean». 

WE»*a©fiB»l««{c»it?i-*A:A«:, S8l«ifi!/i$5Mi 
(MR) ^ ^ F*m»*C4#tjfi^a«3*lTt»*. fiS 

m&msk^v F©«:*»Tb. ifi^ftt. BAss^stn: 

jam (GMR) F*«fe<*B6tir(.»*. 
*/c. gfi-CJi. 0-422 7#&W(CfBtt3 

tlX«,»*«t^{C. ®lSttF>^JHSS,ffitn^ll (Xb-> 
h>*^«sWfi!fBa*: TMR) *fflt,>-& C <t#tl3!i3 
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[0 00 3] 

i&w&Mmi; £ 5 t-rzmm] L#>utttf6. tmr 
cooo4] *fm\z. x t:> h >*^sa«astfBa» 

(TMR) *fflt>SHfflffcHj«a«»^9 F©fftfi£tt 
[0 00 5] 

&c, ##&gj&cj:n«\ TfB©£5&xf> F>*JH&5i, 10 

[0006] -r«c*3^. »MseaMiK£. Suiaemig 
fi^JMI©K»*ifiicc«iie*i*-i-fc«>«:. MfB^asia 

(ourx^ws -*f ©6BKfMfflB#siBg s ti . HtrtB 

[0007] C ©4 # . «IB— *t©WSfll©il>iQ: < 4 4> 
-#4«e58«SaaS»»ili©IB«:B. ttSfflttltlt*! 

Mf2. Hf(fB»ii?Lg|5^-r©^Btfiai58mtSCi3S!j*M4SftS 

[0 00 8] 

[%«©%*©)&»] 4&H©-39toD&ffikDHgftift 
a&**flHr»fcBMW£^» FK-onrSMirrS. 30 

[0 00 9] *SU6©J|5!B©iBStS^ y F«. TMR 

U4fflTMR's» KB, JitSLBclfttSJi. TMR 

^ ? f <o±tcmi*mmmmar> ? f pint s n & . 

[ooio] ^seSfirojKSSrji. BSMTMRa;. f© 
©*I»<*»4U e»ai5Ba*K©ffita^t*©^m 

1«SB««ft©a»(SBMUKfl:{C jttJS njfife& W£JB T M R ^ 
9 F*flUfcEttB£^» F*!Mt-*-*. 

[ 0 0 1 1 ] m 1 ©»te©jf$ss©fBSSB*^-y f 

CDSifflTMR'sj F©«jS{coc>rH 1 *j JrUtEl 1 0 

*fflir»-r*fWiK»wr*. eiiumviifiBgi^ v fk. 

[0 0 1 2 ] H 1 OOck^CC. -fe75^^1S3 1±K 50 
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it. T&is-frFmi 0ifiBl£2tlXl,>Z. TSPV-^ 
FB81 0©±«ctt, 8TH©^«cA*-->d/3*i;fc* 

SK8^s3Ssnrc^„ m«iK8±©-giJ(c« > 4H 
^©«mJg^miK2 0*siBg$nri^„ SBMtSSt 

*hsm 2 o ©Mistc it^ti^tim&mm i #es s 
®Mmtm$m2 o ±wm.®mm7 <D±<,cit, cn 

fit6(C». tt$Mfiifttt&lt2 0©±§(5{Cttg^Sgp^{C 
KiI?L2 1 #*W6<i-Cl>.5 (II) „ IfitSBt 6 ©±8P 
tc«> S@Jg5#siBS;*n> *«K5»> Sil?L2 Iff 

»r©*a«ffi!fE«JHi2 0K!sri. .tor, m@JK 
jk 5 fimnm&hMkm 2 0 cc& 0 re » 

inSSmig 2 0 © 5 ^Si^SMa-S &«©*§«. HliSffi 
?L2 l©itl(c$ijfig3*a v C©(S*s F -5^^1111 4 ttS. & 
*». «*JR5©±»K:H:. _L«2/-JUFK9 (II Of 

[0013] 9&^tt%j|lll2 0 &SBtt©g id 3 
4. tt»ttttKIMl&. 3t881*fe©@;©12 4 > K3£®E 
tM4i*JWcSWbfc4JMI*r*.5. SfiJ13 4@ 
SI 2 tt. «f tS*»l*l^3&HMf (cars J: 9 ec»JiES ft 
*/c> H3SS2B. J5&ei£Jg4 4©fiafn,W£ 

»3©WHb«. C©?l*fflTMR^?» Fs*>SB««B«WH* 

^©^isjfctEDrisiiE-rs. ctitcfco. sss3©m 
-5.,, ®Mim$))im2oi l cmmi&5, stpzvw-watc 
t:>F>**aB»aaffi«i* <tmr> tcj:«5, 

SWJR2 0 ©H»!g£i«. e a® 3 4 S^jl 2 ©?Kb^ 

[0014] eaEMffiijffi 7 «. a ae 3 ©ssk©^* 
7<D±mifi. tmm i ©±® <»: o tsfijrrw (*«3 1 

fflij) JCfig-r-S J: 9 Jfe{SigM«4 0. @5£Ji 2 4«E*« 
®IJg7 4AiS^«CjgMU^l^ct i 5(C-r* < , Chtt. fiSK 
S)JfflIM7 *JfittfflR"C*4 A:*, LBJSJI 2 4SS4L- 

n 7 &ii o -r 8 'n y - ^ l -r l as ^ it »-c *> . 

H 1 ©«^-C«, @^@2 4^E*iJtS3lM7 t3W2l»K* 

[0015] &M©*t*4£!BfJ*!-r£o TSI5->-;U 

FB 1 0 C o N b Z r ^©C oS^I^, N i 
Fe^i, FeAlSi^fi, 45l>BCoNiFe 
^(Cj;D^-rS„ MJPB, 1 ntmJ^±5 MmOT-C 
*S„ ±aJ->-^FB9B. NiFe^feKoNiF 



e-s&icxoBi&L, wmm&vmMm&s x i o- • 

£©¥£Si£#t?®®14£:^CC^4C£*5-r#4. * 

m&m%jt(DtctbicmtmtK (40wqc m«±> t* 
cooi6] mmms b. ^stn2»ipyg2 o©T«fsj§ 

<!: & 4©T. fiBStfeinSftHDg 2 0 CD*H$**2c5£*POi!Sffi 10 
fn£{bfi£&4J:5&m&M<fc-r4d*g#*4. Atfctt 

ccb. rants ©&sb. *fmip-r>mftm&m&L<> 

X . m&tt&-CftJNi©*l>& l ^ffittfiRtm-C 4)5T 
a. Nb. Ru, Mo. Pt, I r3£*4l>B. Cft6 

•3. */eBW. Cu. AlfO^CCj;*). 

> *^KffllMlttgs"C*«i 8 4 . C ©H«B 

&8©l£/l£«. 3~3 0 runt?**). ">-^ FJS 1 0 i 

->-;i>FJg9 i<on»{cJ:oriW**it*. «<-m 20 

4„ C©«ffR8B. («*.«. TaJI/PtH 

/T a@©£Jl«tjt-?>T a H/C uJt/T aJ|©3WMI 

[0017] mfii)®5 B. Hfflg8 iH«©tmt?JBrt 

[0018] tt«(&iA*b*K2 0©Sfi@3 B. N i F 
e£&, Co££. FeCo^l CoNiFe^i? 

WHr©S£tH95±* 4 l »«S^tt^»©W*H©fc»«:5ft 

l/TB, m«. C oJg/N i F elf/C oJB©3HIfll 
Coi/N i F e££g/C o F eJf©£Bt8g 
K1-4Ci*i-C*5. S£J13©*tt4. &6C«C#JBCC 

KJ:o-Ct>8H£3ft4. HSH2B. CoKo^lc 
J:DJI»S-r**. *&l>Bg&JI3&l3t;tm£ft:Bttl 

a{cr*ci*iBM6r*4. **. a^@2». m±m 
coi/r u@/c oioj:^ ic&MmM/imnm/ 

JS4B. I rMn. CrMnl^ (CrMnPtK 
rMnRuKrMnRh) , MnRh^i, MnPt 
MnPtPd^, N i Mn^i, NiMnPd 
MnRhRu NiO, Co O^^. F e 2 
O a . Fe.O.^i, Cr A l «fc 9ff$fiW4 C <t 
**"C#4. *4^B. Cft6©tt*4H©ili^tb&>&&4 
^■BtcJ:o-CSaiMB6tt«4ft»jaE-i-5Cit-C*S. 
e*JB3©K<?»3-l Onm. !S12Bl~l0n 50 
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[ o o i 9 ] mfmvm&mz o ©^jin i b. sub 
b. t>-rn*>sr^tf«is|.{c«fc9jgflE-r-5. mB. ai 

,0,^S iO,, Ta.O,, T i O, *4C>B'<Ci 

4„ Sfc. f&MUBlB. ^»J8-C*-o-Cfcm>. &ISJ1 
1©J©J?B. 0. 2nm-»3nmiii<T5„ 
[0 02 0] — IMNR6B. Al.O^S i CMC 
*fc. #58tt£JIM/&{b%]Bi/#&Btt 

&nig© &mmm*> 4 1 > b . «?itt£jiJK/BH tw«/ 

M8»f^««l©J:^a*JB1imiK:'r*ci{cJ:»). Ift* 

WEE©S5l,>l6l»Bli-rSC<!:3&Jr#4. 0!l;LB. AIM 

/a i ,o,m/A i K©^jf«jit>. n i m/n i ojg 

/N iM©$Mfl&*>. Co«/CoO0l/Co|Ji©£ 

HfltjS{crSC<!:3&*r*S. Ti, Sr, Ba© 

9%4>tt< ifc— 3©5ai!**toBWt*«:J:»)lftllWe 

*JgfiS-rSCife-C*S„ CO^S^T i -$>S r*>Ba 

hwe** < -r 4 c t *s pjfiit?* 4„ 

[0 02 1 ] ttRfflH*K7 B. C o 3&©8g®3£S8EfflgK: 
«fc») JRflW *. fiSESiIfflJM 7 ©T*«c*88tt^fl|'C* 4 
Cr, Nb. *-5l>BTalB£iBK0Tfc&<,\, 

[0 02 2] iffii^M6©»a?L2 IB. 

"B*^-r 4 fc*. * 4 /c tfvh 3 C » (I^C^gJ-r 4 C <b 
*iM*L^„ C©fcab©HjS3jBiO-CB. WiLli*© 

F« i o tmsmvmzkmz omo. ss» 

«Sx5am)S2 0 * 5 'J >^MIt,>ti 9- > if Lit 

<fcfm9i&<. se»{c^iSffi6 4fi)cJS-r4o *&#K6 

B. ^a- 5- ^ y > J'S^C V DStMS ns. »CC 
(Di&BmZR I E (SlEttW*>X v5 : ->i/) 
Ti»f>^. »ii?L2 1 £7F$/£-r4„ C©x-^^> 
^^J&smS-C* 9 . x ^ > i/^X KKCHF^S 
««^*ffll»'C. Mii?L2 l©«*i!fc<<t4J:9«:» 

str*. *©a. ««jR5«^i/. »ii?L2 i««s 
^5{c«to^«-r4,, -eu-c. i^v^cmp (jb 

^WtSWWPSjS) K«fci51t«BlP5©*ffi4¥?tCCflnX 
L. JRIKrtWB*l5©±K:±»i/-A FMQ * 

';>^^y*S*fflc»rjgfiS-r 4. •€■©«. c©± 
CclBliffl©IS^fi8^^ » F fcJBfS-r 4 . 
[0 02 3] C©J:^)iifiK)ilOB4ITMR^» 

v&isaLicmsmBam^y HKiit. ta^^<*© 

ffita^^^ F©»±H5 1 ^EfiaflEflEi-CffiS*. 
CtUCtD. ffJ:I5 l*f^i»fl:<fctor*»35:|fflPB** 



at>. as® 3 ©earn*. ta^»©««««© 
j® 5 . 8 m icmwt^WLt t . nmtms&Bsmxm 2 0 

12 0 ©mmSta«. B^JB 2 ©aKffctfffl <!: ifiJl 3 (D 

SS5 . 8m©*ftftt*tiiu «fiae<b***Hi-r*c& 

[0 024] ±2ut#/tf 1 ©SSJfe©jfcfi8©0 1 ©S 

0 ig-T •&m®l^5 ©«ft!fct>. h7-^ *iflftl&£«6£i 
»*it2 0©<B J: »>*>*< 6£o-C> eaffila 

58»K2 0 ©*sft$«>.5 c t tt < . g^&c 1-75 *iSft 

[0 02 5] */c. IKDSSiTMR'Ni.F-CB, SB 

ffi^^mw: j: s e^ffifiBamis 2 0 (ommti tmomm 
icw**? & watm&Ptm l l . &tnx<t&©ttititt¥ft 

[0026] c ©j: 5 &c. mi omaommxu. m& 

[002 71 -3^, ^2©H*S©J|5S8©S^fflTMR 

[0 0 2 8 ] 02©«fiS(C*St^r > -T-CfCiJiBJO/cHl 
iHOJB. JHfco<,»Tt*Bt;flF#*ttl/fc. 02©H£ 
ITMR^y K-CHl©Wft«^» F <t*£ < H&-&© 
tt. ttfit&inttSflU 0©n<Bffi*s. ttK«MlK7©± 
5C*»*>SJ:9«:«KitcOTt>*ciT*4. C©«fc5& 
flWBKfSCiCcJ:!). S&JB2£ttBlHflPM7£©m 

WffllM 7 ^H«S© U - 1> ft (,> r> 5 MWK <' C t ffi 

■ess. Lfcj&ir>r. mm.ummi zmmsmm (c 

oCr^I) {C^-SCifeoItg-C*^. 02© 
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[002 9 ] 02©«j£K::tel>T. J&liJ16ftS i O, 
teJr^BJ&U CHF i 4i^><'^il,TRIE 
fCcti3Rjl?L2 lftj&J*Lfc«te. J&iSSJ1ifctt1Kl?L2 

1©*1 ( I-7? «0. 2jum~0. 3/im-C* 
•£„ C©h 7 IEH^S2 0Gb/i n J «± 

ommmm* mm? £ c & # -c * * . 

[003 0] o^c, Sfl3©*6g©ff^©|?£fflTMR 
^? Fft03{C7jr$\ 

[0 03 1 ] 03©tSj§{C*sl,>-C. HOI, JgipID 
10 6©tCtt. HM^ftttOTOS. @3«, fiS«igSi^ 
^2 0{*> ffliJBK5 0 8 OSOftSf---^* 

S„ C©f— H£^in»|jftJR2 0ft-Y*>3 

•£> Rg© ^ >© Am^mc J: <0 ^ D £ ©~C * 0 
T«J/-;UF«1 0« % C o^AK^*2lr>»F e 
Al S S®J^8«. Ta^ TaW 

*St,»». Nb. Mo. W, Cu. 
Ru, Pt?©*^l^?*S. «SK8B. ^JB^ 
(ffiittf, Tai/Ptl/Tai©^i», Ta 
i/Cug/TaiO^lM) r**. III2B, 

20 mffi-c<Dmmjj±$> 4 t>»s^tt^-»©w*(i©fcfe«:^ 

iHiltt,^. fflittf. Col/NiFel/Col 

[0 0 3 2] -3>^c. I3©S^5r F©»JiXSCC-P 
C>r, 011 (a) — (d) *J«fcO*0 12 ( e) ~ 

(g) *fflt»r»wr*. 

[0 03 3 ] *&3 1 (0 3> 01 1. 01 2 1? 

t»0^) ±KX^ y ^ 'J >i/^^^ y^CCt OTSB 
•>-;PFil 0*fBBSl/fc«. «SR8«3i»r&(cj:o 

30 > y 0 fisswifstMui 2 0 © g 3 , 

«aiBSS!ll»il2 0©4»*^*>5 'J>i/(Cj;«3JjnX 
-T4o JPXLfc88««fiS«ll*Bl2 0©±(c."iai 1 
(a) ©J:9&#«©Ut>* mi 2*»(atbfc«. BS 
KflJWM7 5r^ML (01 1 (b) ) . U3?*mi2 

ft** L . fiSMJget^SM 2 0 ±oieji|»1 7 ft v 

}•*???> (012 (c) > . •€•©&, «S«i6?:M 
0> C©±«CUi^^ NR1 3ft»JSL. l/^Hl 3 
*Ai(-i>^t4 (011 (d) ) . C©uyxFJ® 

40 1 3ftvx££ ur, r i Eicjzixmmmezmx? 

Cti(Cj;0Ma?L2 lJWgSi'C** (01 2 

(e) ) . <c*». r 1 Etcj:-»rsi[sattai4*sy-»»- 

J?ft*^ &©*!»< fc»K. 5afittttB4 &aUKR6 & 
©Kicx F y-»<IBft*6*>Cai>»«U'Cto< ctWt 
-5. -eor. FK1 3ftK5*0 (0 1 2 

(f ) ) . *a»H6©±«:±SlJ->-;i'FBl9«^fiW--S 
(012 (g)). Cft&Cfcr). @3©»ftITMR^ 

[0 0 3 4] &*s. 02. 03©±gf5'>-Jl- FM9». 
50 m®M5 i*ffliC^-pr^-5*^ C©JS^. %tl6«$ 
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«fc vwM&tmmm 2 o ic?a t c mm tttztcib. mi 
ommtttmL* ±s^>-;i/Fjg9amrc&i,>. -e© 

fc<*>. Sii?L2 ltf£-c\ ±S|5^-;UFM9K:6£it#ffe 

£o*>-n>. cn4RS±-r-5/c«>tc« > «a?L2 i©fi 

ififc. ^JSttM^fiRLr. ^■Jl<Di'-;i'FM9icm 
N i F eJl/A 1 ,0 3 Ji/N i F eg 
©<fc ^J^IUti*©^-^ Ki9Kt5i, fiBIt©ffe£ 
fcfifcltC*. BMTMR'v^ FHJ*j©^lij©Efr±, ^ 
X^©K5±CC^-rS C i Ififrfr-oX 
[0 03 5] Oiytc, ^4©||]!fe©^Sg©f?^fflTMR 10 

F£04{C7jTr,, 
C0 03 6] 04©«s£tCfcCir. l-CCCUiBJUfcHl 
£|5JCJ1. MfCo^TBIaJDflF-^ttb/c., 04©i?£ 
fflTMR^ y FB, ®«ffift$j|t)ffi2 0&Ct--^##> 

JBK 2. 4«fcO*>iia^)£<*-3r*J»5. @SJ13©± 
ffi©WWCcJMi*6#»r.5J:9K:i/t:i,»4. c©fc 
». H4©fltffitt. B3©flUS£ttSttl/C. fiftKMWR 
7 i H^Jl 2 i 6 (C «fc 0 R5tt 3 tl 4 fc 

». Wl>flMittr. «SK«<BISA2A>5SBiZitnpa7^ 20 
'J - ^©fcHK C -2>„ 
[0 037] H4©S4fflTMR^» FSfHR-J-SRKC 
B, H^fi$S»*)S2 0©gfiJ13©*.=l:fiSML/d*> 
-15 ';>^tfl,>lftI3©^))DH/, C©±&C*g 
M3, H5012. jKttttttlt4©3JB&&J$l/ft:fft. 

ffg5 •;>i'L.Tcft63®&flni-r&«fc i 5K:-rs. * 

»mfitnBa*M2 0©4»fc— fltKldMU 5 
U>^tcj:>j|eiHi3. B5012. £Ml»ttM4©3JI 

i 5fcrSCiTfeia4©«j:'5%^ ; Srll^t , &S. ffe© 30 
«fi*«Ke&tffctf**t*. H3©£ft©J£tt£HttCC-r 

[0 03 8] -3 jffc. SfflS«0flJR7 iffiSmSlS^SB© 
raccmbfitfiOR 1 1 £i&W7tj|j!i&©^£0 5#>608 

M2 0 *MJ9£fr(ci*4-lSW!k*s. fiBBMfflJR7 JC y - 

[0 03 9]H5©»4fflTMR^?Ftt. 03©*f& 
tcflm>£#. KtKeimf, *©ftb»)K*J:bfi 40 
toJSB 1 l*«*"Cl>4. iKJtiStnlll Hi. S^igUtjaj 
«H2 0©flffiB«a9J:9{cEBSti. *©*W!Uc»K 
»«9Ji7*«EBS*iTl»4. iStbffiCiJgl 1 (CB. S3 
©*6«ffll6<!:Pia{caa?L*iJi5fiS3h. C©fiffl?L©ifI 
*». S^fiSttJg4«:^-rsmfiim5 (±«v-;UFR9 

[0 040] 15©»4fflTMR^» F*fft!-rS^-«B 
*«*K:BMirr*. j -j*. «E3 l±(cTffli"-^KJB 
10. Iil8. flS9US60SWR2O«jaiRl/A:a. fig 

AUStndt(rJUi2 0*5 y^ffficctoftii-rs. c©± so 
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(C, SiO.S/diAUO^taolIS-lOnm 

» # V > #ik& * - y 9 h fa©i£8t) % 

SE*.*C£KJ:») «©«#«»)*«*.. 05©<fc5fcJI 
Zomttmmi ltfWTi. ^©f£. S8KftiIffl))S7 
tsaWi. 9SEMfllR7©BW». 5-2 0nmt* 
4 . asiffitfa**!* 2 0 ©±§P©eiE:»ffi 7 B , 01 

1(b). (c) iBJCJrSJey 7 F 91X0 
»<. MtaSffiMl 1JCUH1 1 <d) . 012 

( e ) . ( f ) iHttO^iSKJ: 0 . MiI?l*0J£-r 
*. *©SL ±S$->-;U FM9 (mSM5gtffi) 

[0 04 1 ] i6-I8©#Mli, *SiltJS6& 

StbjfflfcBSi l 6flUri>*. iStbffiCxIKi i©Hi¥ 
B, SSMStn3S!)m8S2 0©ffiiJB©±SBtii'^<. ffe©¥ 

ffltt, as^usnStimR 2 o ©±® <t-gc u fc¥*&ffiH: 
«»ig5x^m)!i2 o o&m&mmw 1 ~~05 © 

mm t pi d < it&i&M 6 ©ma?L©papg-c»« jtis. 

[0 04 2 ] 07©«^«. TgP©«®M8 (tt 

flniu ««BM8©ffliJMgqtcfcmbffitnaii i*j^jsSeL/ 

fcfeOT*5„ H8©*USTB V «Jt«!aMl 1 

*i S fig 3 ©±ffi©M^g|5 * -cm "3 ± W X t » -5 . 
[0 04 3] CCC, EI6©flllSE©S^fflTMR^y F 
©*BtXS«:oi,»r . 113 (a)-(d) > 114 

(e) ~ (») &mi>xwmir&. 

[0 04 4] 113 1 (06, 013, 114t? 

> - ;u fjr i o uAia. mse 8 zmmmicj: -> 
■cjf^-rs. *©«» «fliK8©*ii*^*>5";-- 

>^0/c&. jSB»U&l»tURJR2 0©S9IHeSttM4. @^ 
JB2, IfiMUH. S£Ji3£JIHfc:j?XiBi-r£, ^b-C, QS 
^SSBSIl^JS 2 0 © 4 Hfc J: cffMH 8 * ^ * > 5 >; > 

^cc <£ o »nx-r . *nx u /cemstJi^^ 2 0 ©± 

(C. 013 (a) ©J:^tt2S^tt©Ui?^ FK4 2* 
C©±{C. RiWil 1^10 (01 3 
(b) ) . *©«U^Xhil4 2*»*>0t:«filffiK» 

Sl^2 0±©iisi:bffitt:jgi c©± 

CC SSE$rjfflM7*fSM-r-5 (0 13 (c) ) . ttEM 
»*7©±BftCMP (-fb^6<J^«WWe^) tCfci)! 
SOr^ffltC-r^ (013 (d) ). C©±fC. IfiWR 

M4 3*/<*-->^-r-5 (014(e)). C©U^ 
^^43^^,!:^, R I Etc <to"CiteiS^6 =& 
ftniT6„ cniCj:0Hffi?L2 lJ^0fi)rr*S (01 4 
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(e)). •fit, Vi>X M84 3£|&*U laitote 
©±(C±«f-;UFIl9 («gjg5*ffl) *WM?Z> 
(014 (g))„ cntcj;0. 07©B£J8TMR-^ 

[0 04 5] ±j£©0 5~08©&«(£©|?£fflTMR 
^» Ftt, iStbtStnlg 1 1 <,c£K>WMim%}mm2 0© 
fl»a5*flc*»>. ttBfHMB7 £^lgSKftmM2 0 £ 

ctnAitntub. ms&sff&iiimz ozmm^faimz id 

iS«)*C£#-r#.5. 

[0 04 6] £/c. Bll*»6EI3©*fiS<!:PI«CC. 05 
~0 8 ©«j£fc . ttWR 6 ^i«J:bffi!nM 1 1 (c J: 0 EBfa, 

igtns&sn 2otm? zmwm 5 ©in£#s«> > f 5 ? * 
4f£^&fnttJftN2 o©«j:Dfc»< b-rt^ytto. 

ffi^a^^i^ 2 0 ©M€jRti> & C £ «C < . iggCC F 7 

» * < -j- * c t **c * . mssssMm^m^omss. 
[0047] st^ic, h6^h 8 ©**!$». msamm 

tcO-ct»syta&. ±»^-;UFJR9 (Hffiflg53ft/f§) 
». SiI?L2 1 ©aK»*l*l,>T— a«tWSCC"C*S. C 
©ft:*, ±9U-Jl KM 9 tc»ffi*«£i;K:< < . ±«J5/ 
-^Fito©Wtt*rSi±3-tt4{:£*Jr**. 

[0048] -ogffc. ±iSL/X*yfc**fS©0SS©fa» 

[0049] iBSm&^v F2 1 Ott. ±3iU-C^/c0 30 
l~H8©ff^fflTMR^f F©C>m*£. ^©±5C 

•5. F2 1 0«. f?_hffi5 1 4T«C[6jWr 

'1*2 1 1 ©JfcJSK:^ 3 ftT 'v? Ffir 
■*«>«*32 0K:8(i>ttW&<Ta,»*. ^»Fffil« 
«>t£«3 2 014. ffi«W£^» F2 1 O^fa^SSft 

-Ff-* *a» > 1 1 oijeffiatfeawa. letsygtti 1 

0«. *tf>K;U*-£3 1 O{C<fc»)0l£|gtti*fta. 
taS§W£^ s> F 2 1 0 ©TMR^ v F©«ffijg5 » 8 ffi 
CCiftft H^fB#*!HlS3 3 0 5Cj;«J*ftaS 40 

n, §mm&i ioewaatiMB**ii*3n"C3>Fn- 

*s^iais 3 3 2{c«t k> mnx.{t&mm s n. 
yvry?3 3 1 ©tH^eiaiss^ » F2io*h 
[0050] m9<DMm&mn&.mmx> mmwm.^m: 
©i^-rn^p©lifi£©TMR-^f F*s*8o-rc>a. c© 50 
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TMR'v „ Fl*. fiBE«WW7 "»©«*© V-9 *Kut 
-et-5A:it>. B£ff-Sf£!J3m3 3 O&cfc^T. iStMfctii 

8&i^tttt^©tti>fle^ttB£&a* 

f#-5C£*s-C#S 0 */c. COTMR^? Ffi. fiSSiffi 
$T^H:)a2 0{C«-r4«ffiJS5©<iI4!fe{>-Cl,>Sfci«>. 

1 1 0©8B»t»$B*W£f £C£#-C£€>o 

[0 05 1 ] C©<t^K, *HJ6©^-C{*. X t> F 

u-^*sa*i»±r*. u#>fc. F5 »i>iB©^«,>. si 

[0 05 2] 

[^©^*] iat/rt/ci^fc. ^^Kjrntf. 
^tr>F>*;nKafiio35&* (tmr) zm^zm&m 

[Hffi©fB#i&^] 

[01] *#6^©m 1 ©JIJfi©JgJS©fB®S^ », F© 
SSITMR^j FfflJ»©ateR*5VJ-Wiffiia. 

[0 2] *«W©»2©HJ6©^JB©fBHif|ife'w F© 
BSfflTMR^s FS15^-©«fiK*^»r®0. 

[03] *^w©^ 3 <Dmm<DBi$<Dimm^ -» f© 

[04] *:^©^4©||Jfe©0^©ia^B^ y F© 

[05] *^© 3 e. tcjgij©si jfe©jf^©i aisw^'N » 

F©lfifflTMR^^ F35#r*-3-C. iSJttgCiMl 1 

[06] *^bj© s e icm<Dmm<DBM<D&mm£.^ » 

F©S4fflTMR^5 FaJ»"C*oT. iftttffitnMl 1 
*EKbfc«teR*w-r»rffiia. 

[07 ] *^©$ 6(C»IJ©Hife©^©fafiiS^ v 
F©S4fflTMR^7 F§P^-C*or. WibffilnMl 1 
*ffiBLfc*lf**5*-i-»rffiEI. 

[08] $ 6 KBl©3iatO»«0 WW?*^ » 

F©S4fflTMRA5, Fap»"C*ot: v WJt^iJRl 1 
4BeSL-fc«fi£?r^-r»rS0. 

[0 9] «»©}|5«©IB«flflfe^9 F^^OfciMiB 

[010] xmrnm 1 ©wt©»»©ia»ii*^5» f 

©BSfflTMR^? FSB^-©«fiX^-r*4ta0. 
[011] (a) ~ (d) S3©«©S4fflTMR^ 

» F©»Jsia*w-rKHia. 

[012] (e) ~ (gr) 03©fitRS©S^.«TMR^ 

» F©»jami*^-r»rBia. 

[013] (a)~(d)I7©«^©ff^TMR^ 

v F©«jsiat^"r»rBBia. 

[014] (e)^(g)@7©M©S4fflTMR^ 

» F©»»iB**ri!faBia. 
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l-m&m. 2-Hffi», 

«H> 9-±«^-^F«, 10-T»J/-;l/F«. 1 

i -mttmm. 12. 13, 4 2-u^*hb* 20 

•■■M««KfB»*«k 2 1 -Ril?L 3 1 -*k % 5 1 - 
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*ff±ffiL 1 1 o-§b»j&# k?w*£> . 210 

-iEfiW^* 2 11-^*, 3 10-*b*>K;U 
3 2 0 ^ v b'&m&t&mffi. 3 3 

#jeayK, 3 3i-7*»j7>7\ 3 3 2-7 r -#is£ii 

Hk 3 3 3-BWS, 3 3 4-*-#tftWS. 3 4 0- 




[02] 



n 2 




9(5) 



[H3] 



[04] 



Br 4 




9(5) 




9(5) 



■ 5 

21 




[07] 



[06] 
B 6 




[08] 



(9) 



<&ffl¥- 11-316919 
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